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[bookmark: _Toc116995841]Introduction
In RAN WG4 Meeting #106, a WF for RF requirements for simultaneous multi-panel has been approved [1]. Among its objectives, is the study for bi-directional and uni-directional deployment scenarios as captured below: 
	Sub-topic 2-1 bi-directional deployment scenario

Issue 2-1: RF requirements for bi-directional scenario
· Proposals
· Option 1: it is proposed to determine how to specify RF requirements for bi-directional scenario after Multi-RX DL WI has conclusion on 2AoA spherical coverage requirement concept (R4-2300998)
· Option 2: No RF requirement is specified for multi-panel reception in Rel-18. RF requirements for FR2 HST multi-panel reception could be further studied in Rel-19 if the necessity is identified (R4-2301581)
· Option 3: Focus on developing RF requirements for the bi-directional deployment scenario. RAN4 shall discuss how spherical coverage is to be considered for HST PC6 in Rel-18. (R4-2301679)
· Agreement
· it is proposed to determine how to specify RF requirements for bi-directional scenario after Multi-RX DL WI has conclusion on 2AoA spherical coverage requirement concept

[bookmark: _Hlk130898197]Sub-topic 2-2 uni-directional deployment scenario

Issue 2-2-1: feasibility of uni-directional scenario
· Proposals
· Option 1: Uni-directional RRH deployment scenario is concluded not feasible for simultaneous multi-panel operation unless there is deployment plan (R4-2300998)
· Option 2: RAN4 should consider mitigation techniques to separate the two beams in the uni-directional deployment scenario as depicted in Figure 4 (R4-2301679)
· Agreement
· FFS feasibility of uni-directional scenario B.

[bookmark: _Hlk130898471]Issue 2-2-2: requirements for uni-directional scenario (assume uni-directional scenario is feasible)
· Proposals
· Option 1: using the same spherical coverage as that in Rel-17 (R4-2301679)
· Option 2: other
· Agreement
· FFS.




In this contribution, we discuss the potential impact on RAN4 requirements of the above-described RAN4 agreements.
[bookmark: _Toc116995842]
Discussion
The main content of the paper and analysis is made here [1]. The section can be further split in sub-sections.
[bookmark: _Hlk130898148]Sub-topic 1-1 bi-directional deployment scenario
[bookmark: _Toc116995848]For bi-directional deployment, we assume there are two roof-mounted FR2 RF devices, i.e., two panels (also can be called antenna modules), one facing forward, and one facing backward, operating at the same time as shown in Figure 1. Each of them can receive two layers of data streams by using different polarizations, and two panels can receive 4 layers of data in total from two directions at the same time. 
[image: ]
Figure 1 Bi-directional deployment
The UE RF requirements for PC6 devices should be defined based on the worst-case scenarios. We assume both panels are using only one polarization and those two polarizations are the same. In this case, those two panels may cause interference to each other. However, considering the size of the train, the two panels do not need to be closely co-located within one printed circuit board (PCB), like PC3, and we can even assume that there is enough space to install two individual panels well separated from each other. This is also based on the fact that the cost of RF devices is very little compared with the cost of the whole train. In this case, the interference between the two panels can be ignored.
Observation 1: based on the size and the cost of the HST, we can consider that two individual RF modules can be used to receive the RRH signals from two directions. Each RF module should be able to meet the current RF requirement for PC6.  
The spherical coverage of the RF device has been defined in Rel-17 for the one-directional receiver. For the bi-directional deployment, we need to extend the one-directional spherical coverage to bi-directional cases.   
[image: ]
Figure 2 one directional spherical coverage

[bookmark: _Hlk131362849]Proposal 1: Extend the one-directional spherical coverage to bi-directional spherical coverage. We can consider using the same one-directional spherical coverage in both forward and backward directions for bi-directional scenarios.   

Sub-topic 1-1 uni-directional deployment scenario

Figure 3 presents an example of uni-directional deployment, where two RRHs are co-located on both sides of the railway. Each RRH sends two layers of data streams by using one beam with two polarizations to the panels on top of HST. We assume there are two panels located in front of the train, which can receive the 4 layers of data streams from RRH pair when the train goes forward (we may also assume that there are another two panels may need in the back of the train, which can receive the 4 layers of data stream form RRH pair when the train going backward). 
[image: ]
Figure 3 uni-directional deployment
Observation 2: in order to deploy the uni-directional RRH pair, two RRHs need to be installed along the railway. The cost of such deployment may be doubled for the operator.
In the previous meetings, the performance studies for bi-directional scenarios have shown that the performance of uni-directional deployment is not outstanding because a boresight beam cannot be used and spatial interference need to be considered [2]. Compared with that, the performance of bi-directional deployment is better. 
Observation 3: Based on the current studies of uni-directional scenarios in [2], the performance is not outstanding compared with the performance of bi-directional scenarios.  
Proposal 2: UE vendor and operator’s inputs are needed to continue the study of the uni-directional deployment.

Conclusion
In this contribution, the following observation and proposal are presented: 
[bookmark: _Toc116995849]Observation 1: based on the size and the cost of the HST, we can consider that two individual RF modules can be used to receive the RRH signals from two directions. Each RF module should be able to meet the current RF requirement for PC6.
Proposal 1: Extend the one-directional spherical coverage to bi-directional spherical coverage. We can consider using the same one-directional spherical coverage in both forward and backward directions for bi-directional scenarios.   
Observation 2: in order to deploy the uni-directional RRH pair, two RRHs need to be installed along the railway. The cost of such deployment may be doubled for the operator.
Observation 3: Based on the current studies of uni-directional scenarios in [2], the performance is not outstanding compared with the performance of bi-directional scenarios.  
Proposal 2: UE vendor and operator’s inputs are needed to continue the study of the uni-directional deployment.
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